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DECLARATION PURSUANT TO 37 CFR 1.131 



I, Yan-Yeung Luk, declare as follows: 



1 . I am a co-inventor of the subject matter claimed in the above-identified 
U.S. Patent Application. 

2. At the time of the invention of the subject matter claimed in the above- 
identified U.S. Patent Application, I was a graduate student working in the laboratory of 
Milan Mrksich at The University of Chicago, Chicago, IL. As a graduate student, I 
worked with Professor Mrksich in areas including self-assembled monolayers (SAMs). 



3. Prior to August 12, 2000, Milan Mrksich and I had conceived and reduced 
to practice in the United States the invention described and claimed in the above- 
identified U.S. Patent Application. This completion of the invention is evidenced by the 
following facts: 
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(a) The subject matter described in the publication "Self-Assembled 
Monolayers of Alkanethlolajes Presenting Mannitol Groups Are Inert to Protein 
Adsorption and Cell Attachment" (Luk, Y-L.; Kato, M. and Mrksich, M. Langmuir 
2000, 76, 9604-9608), a copy of which is attached, is covered by the claims in 
the above-identified U.S. Patent Application. 

(b) Figure 1 .(B) on page 9605 of this publication illustrates a species 
covered by the substrate as recited in pending Claim 19. 

4. The above-identified publication is substantially identical to the 
manuscript submitted "in final form* to the publishing journal, and this "final form" 
manuscript was received by the publishing journal on June 29, 2000, as evidenced by 
the statement above the abstract on page 9604 of the publication. 

5. I declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the above applications or any patent granted therein. 
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LangtnuirZim. 16, 9604-9608 

Self-Assembled Monolayers of Alkanethiolates Presenting 
Marmitol Groups Are Inert to Protein Adsorption and Cell 
Attachment 

Yan-Yeung Lufc, Mihoko Kato, and Milan Mrksich* 
Departftttnt or Chemistry The University of Chicago. Chicago. Illinois 60637 
Received March 27. 2000. In Final Form : June 29, 2000 

This paper reports on a model surface that is Inert in biological fluids and thai is important for studies 
in bitfimerfaclal science- A $elf-asscmWed monolayer (SAM) terminated In (he mannitol group was found 
to prevent the adsorption of proteins and the attachment of cells. Surface plasmon resonance spectroscopy 
showed that the manniiol-terminaied SAM prevenred the adsorption or several proteins and was 
indistinguishable from a SAM presenting tri (ethylene gtycol)groups. In a second set of experiments, 
monolayers were patterned Intoci rcular regions pf hwatkcanethlolate with the surrounding area terminated 
inthemannitolgroupinorder to evaluate the inert surface for patterning cell attachment. 3T3 fibroblasts, 
attached to the circular regions, proliferated to occupy these regions completely and remained patterned 
on these regions for JUJ days. The use of o%o(ethyiene giycofl-tcrminated SAMs. by contrast* showed a 
loss in fidelity of the pattern after one week in culture. The mannitol-terrainaced monolayers significantly 
extend the time course for maintaining patterned cells f»nd win have immediate utility in fundamental 
and applied biology. 



Introduction 

Self assembled monolayers {SAMs) of alkanethiolates 
on gold are an important class of model substrate for 
mechanistic studies of the interactions of proteins and 
cells with surfaces. 1 A primary reason for the importance 
of these model substrates is the availability of SAMs that 
are inert, chat is. SAMs that prevent the adsorption of 
protein and the attachment of cells. 2 Monolayers termi- 
nated in short oligomers of the ethylene glycol group 
((COfeCH^OH. n = 3-6) prevent tt*; adsorption of 
virtually all proteins under a wide range of conditions 
and are currently the most effective Inert surface chenv 
istry.'This class of SAMs has been critical for developing 
ntethods to pattern the adhesion of cells/- 5 to prepare 
surfaces that present ligands for selective interactions 
With proteins. 6 and to design electroactive dynamic 
substrates that can modulate the selective recognition or 
proteins. 7 

* To whan) correspondence should be addressed. 

(1) (a) MrkAch. Kf. CclIMol. LfftSeS. 19». 54. 6S3. <b) Mrkstch. M .: 
Whiles G. M. Anna Kev. Bftptys. D/ow). Struct. 25. 55- 
78. 

(3 (a) Prime. K. U Whttesides. G. n. J. Am. Cheat. Soc. 1993. itS. 
107 M-] 072 1, (t>) Prima. K. V. Whitesldes, G. M. Science t99t. 2$2. 
JJG-i— J167, 

m to Steal. G.B4 MrU*ich,M.; WliitesIifc5.C. M. J. Am. Cttem. &*, 
1998. J2tt 3464-3473. fo) MrKiieh. M. : Whiteside*.. C- M r Chemistry 
and BkuJogieal Applications of Polyethylene Glycol. Am. Chem. Soc. 
Symp.Ser. td$7. BSD, 361-373. 

W W Mrkslch. Dike. U E^Titn. i.; Ingbcr. ft £^ WillesHe*. 
G, M. Exp. GetiJtfs. J&fl* 23$, 305-313. (b) (Sen. C. 5.; Mrkstch. 
Huang. S.: WbiiesWes. G. Ingber. D. E. ScfcKt 1597, £7£ 1«5 - 
I «2$.&Mrltdtfi.M.: Whites* C.M. TIBTECH. *99S. U,22H~2^- 

451 Frtieffttd tilKytettoxanesoft hydftwylM*4 £utettalb$ h*vt betn 
widely used to pattern cells. Itreti&iris unclear whetfxr ccHs are confined 
by *ttpm$ of substrate dial a« uuly inert or rendered inert by the 
»d»rpUon or protein. Foftotamplei.see (a) Jql$.; Park. K. Biom&veritils 
3WQ,2j.6Qfr-ei6.<b) SaneJn^.S.iStiOictiet.M.S. J. BUtoKd.Matcf. 
Ros. 42. 13- 1ft. (e) Murphy. C F.; tu, J. H.; Bwvtr, J.; Ru^U. 
J,: PcnroJd, J. Lar^wwr 1999. 1313-1322. 

(6) fa) iAt Kiith. M,; Gronwell. J. R.: Whiiesidcs. G, M. J. Am. Chen). 
3pc 1995. Ji7. L2009-120IO. (0) Houseman. IX T.; Mrkslch, M. Angru>. 
Chem.. If*. £ct. Engl. 1999. 3R JB2-765. (e) Spuike. J.! Liley. M_: 
Sdwitflr. F. J.: Ctider. H. J. : Afi£«rmai«, L; Kt»)l, W. J. ChenuPhys, 
1993. 99, 7012-70 J 9. 



Given the importance of inert surfaces, it is surprising 
that there are so few functional groups that have been 
identified that render materials inert— and none that are 
as effective at preventing protein adsorption as are oligo- 
(cthylene glycol) groups when presented on SAMs. We 
reported that a monolayer presenting a trl (propylene 
sulfoxide) group was inert to protein adsorption and cell 
attachment. 3 Theselection of the propylenesuJfoxide group 
was 1 argely based on preserving three properties believed 
to be important with the glycol group: (J) the repeating 
unit Is conforms tonally flexible: (ii) the sulfoxide group 
is a hydrogen bond acceptor but not a donort and (hi) the 
sulfoxide group Is water-soluble and self-repulsive. 
Whereas monolayers terminated in this propylene sul- 
foxide group prevented protein adsorption, they were 
generally less effective and less stable overtime than were 
SAMs presenting oligo(ethy!ene glycol) groups. The syn- 
thetic route to the propylene sulfoxide oligomers U 
laborious, which further limits Xht utility of these mono- 
layers. Another early example was reported by Prime and 
Whitesides, who showed that a monolayer terminated in 
the carbohydrate maltose prevented protein adsorption. 2 
In that work, the lack of adsorption was demonstrated 
With ellipsometrk measurements, which required the 
substrate 10 be removed front solution, rinsed, and then 
dried prior to the measurement- Because this and related 
ex situ techniques cannot detect weak and reversible 
adsorption, it is not clear whether these monolayers will 
ultimately prove inert ir» settings where the substrate is 
in contact with a protein-containing solution for long 
periods of time. 

The development or identification of aUemativfe func- 
tional groups that can render SAMs inert to protein 
adsorption and cell attachment is important for at least 

C7) ta) Yousaf. W. N.; Mrfcsich. M. J. Am. Chem. $oC 1939, tZi, 
4286-42$? C) Homeland. C, H.: Mrkstch, M. Lanpmlr 1S97. 13. 
eOftl -600 J. <cj Hodoeland. C. H.; Mrkskh.M. J. Am. Sec. a»v. 
1Z2. 4235-423G- (dl Vo«sar. M. N.; Hw^mftn. U- T.; Mrkstch. M. 
Submitted for publfcatiM. 

(8) Detij. L.: Mrkiiel,. M. : Wh» wWe*, C. M. J. Am. Owa Sec. 19*$, 
//« 5136-5137. 
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two reasons. First, it Is probable that no one surface 
chemistry will be best suited to give an inert interface 
under ail conditions, 'fhe availability of several inert 
surface chemistries would permit optimization of the 
substrate properties for each unique appHcai ion. Second, 
additional examples of inert Surfaces would aid in 
developing a mechanistic understanding of the key factors 
that underlie protein resistance. This improved under- 
standing will certainly lead to the development of surface 
modifications thaL are more practical to apply to common 
materials— for example, those based on polymer grafting— 
but retain the effectiveness of the model substrates- In 
this paper, we show thai. SAMs presenting the rnannitol 
group are highly effective at preventing theadsorption or 
proteins and attachment of celteand that these monolayers 
are superior to SAMs of EG^OH. for patterning the Jong- 
term adhesion of cells. 

experiments and Results 

Experimental Design, We used two experimental procedures 
to evaluate the monolayers as fnert surfaces* 9 Surface plasman 
resonance (SFK) spectroscopy measures the adsorption— or tn 
the ease of inert SAMs, the lack of adsorption— of protein to the 
monolayer. ,a SPR is well suited for clmrucierlzatlon of protein 
aosorptlonbecause it measures adsorption in situ and can delect 
weak, readily rcversiHeprotein adsorption. For all monolayers, 
we investigated a panel of Bve proteins (hat spanned a range in 
molecular weight and pL In a second set of experiments, we 
evalua ted the ability of the monolayers to pattern the long-term 
adhesion of Swtes 3T3 Fibroblast tells. These experiments used 
monolayers that are patterned into hydrophobic regions or 
he»ad ecanethiolate (HDT) surrounded by the Inert monolayer. 
Cells initially attach onjy to the hydrophobic regions and 
proliferate to completely nil those regions after 2-3 days in 
culture. We compared the periods of time that the cells remain 
confined to the paiiem-because the surrounding monolayer 
prevents attachment— to assess the effectiveness of the inert 
monolayer. The ceil patterning experiments impose a more 
demanding environment than do the protein adsorption expert 
merits, and hence, provide a more stringent test of inertness. 

We compared protein adsorption and cell attachment on four 
different monolayers (Figure I). As a control monolayer that is 
not inert, we usedaSAMoriiexadecancthiolaiethat presents 
hydrophobic melhy* groopsat ihe suffotc. Monolayers terminated 
in t he tri (ethylene giycoOgroupwert used 35 thecunreru standard 
for inert surfaces. Eachofthe two 9 (Wit tonal monolayers presents 
the manntiol group and differs only in the length of alky] chain 
to which the mamritol group is appended (Figure J). Alkanethiot 
la has an alkyl chain of eleven methylene units, which is the 
standard length inSAMsthat are used inbio-intcrf acial science. 
Alkanethiol lb has three fewer methylene units in the alkyl 
chain and was investigated with the goal ot finding inert 
mono layers that are thinner overall. 

Measuring; Adsorption of Protein. Wcused SPR to measure 
the adsorption of five process— fibrinogen, pepsin, lysozyme. 
insulin, and trypsin-™ the (our monolayers." SPR measures 
changes in the refractive Index oT a solution near the interface 
widi a gold film by measuring changes in the angle (A0m) at 

(9) The alkoneihfels fa and lb were each synthesized in 3 steps 
from commercially available reagents- All kttennedlaies gave satisfac- 
tory >H NMft and mass spectral data. Gold substrates were prepared 
by evaporation of titanium tl .5 nm) and then gptd (40 mo) onto glass 
cover slip* (0,20 mm. No- 2. Coming). The $AMs were prepared by 

of alkanethiol (2 mM) for 9 h. The SAMs mere rinsed with ethanol and 
dried with nitrogen before use. 

(1 0) (a) Mrkssdu M.; Slgal. G. B.; Whitcsifcs. G. M, tengmuir 13SS. 
tl. 13S3-43SS- (b) Sift*l.C.a: Mf ksich. M.;WhlKsHes.C. M. Longmvir 
1337. 13. 2749-2755, 

01) All SPR experiments were perfwmed on * HIArnre 1000 
instrument. Monolayer subsidies were glued im« plastic BIACcy e 
cassettes with a tw&-pan epoxy (Oevton). Phwphy«4iun«r*d »line 
(PBS: 1 0 mM phajphaie, 1 SO mM sodium chloride, pM 7.6) was degassed 
uAder vacuum, ^nd all protein soluikirts wm- filter edihr6ughO.'l5->*in 
niters before use* 
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Figure I. (A) Structures of the alkanethiol? used to prepare 
monolayers in this work. Alkanethiols la and lb are both 
substituted with the mannitol group but differ In the length of 
the polyfjftiethylene) chain. Alkanethiol 2 Is substituted with 
ihe iri(ethykne glycol) group. Hewdecanelhiol (HDT) was used* 
to prepare control monolayers that are not Inert (B) Schematic 
representation of the mannUof -terminated SAM. The confor- 
mation of the mannltol groups appended on the SAM has not 
been established. 

which p-polari2ed light reflected from the glass/gold interface 
has a minimum in Intensity." SAMs were mounted in a Dow cell 
and experiments were performed by first flowing a phosphate- 
buffered saline (PBS) through the cell for 5 mln, then a solution 
of proi ein in the same butter (0,5 mg/niL) Tor 5 nun. and then 
PBS for S mln. The rise in A0„ upon Introduction of the protein 
solution is the sum of two contributions. The first is due to the 
increase inre/ractive Index c^thesoludoncaused by the dissolved 
protein- the "bulk effect"— and does not represent protein 
adsorption. The second Contribution is due to the adsorption of 
protein to the SAM. The amount of protein ihat adsorbs 
irreversibly \ a die SAM is determined by comparing the shift in 
before and after the SAM Is exposed to protein. Art increase 
in & m of 0.1 "corresponds to an increase in density of adsorbed 
protein of I ng/mnrV l,fl 

Figure 2 shows data for the adsorption of fibrinogen to the 
fourSAMs. A complete monolayer of protein adsorbs to the SAM 
oThexadecanethlelate. The change In ©w. oTO,35 'corresponds to 
a density of prpteln of 3500 pg/mm 2 . The two monolayers 
presenting mannltol groups, by contrast, show essentially no 
adsorption of fibrinogen. This lack of ao^ption is indistinguish- 
able from that on monolayers presenting trKethylene glycol) 
groups. Experiments with the four other proteins gave similar 
results and demonstrated that the mannltol group is broadly 
effective at preventing protein adsorption {Table 1). For all five 
proteins, the amount of irreversible adsorption was less titan 2% 
orihetotal amount that adsorbed on uwrrwihyMermlnaiedSAMs 

Patterning the Adhesion of Cells. Weevaluated the degree 
to which these monolayers could prevent ilteadheaiMa/idgTOwth 
of cells that were confined to a patterned substrate. We patterned 
gold substrates by microeoniact printing 4 a set of circular regions 
of hexaoecanethiolate that were 200 ftm in diameter and then 
immersed the substrates in a solution or la, lb, or 2 to assemble 
an inert monolayer on themnprinted areas. When a suspension 
of cells was added to culture wells containing the substrates. 12 
tells attached only to the meihyl iermlnated regions. For each 

(12) Albino3T3-Swis$ fibroblasts (American Type Culture Colleen*) 
were harvested from culture dishes with trypsin- ED TA, washed, and 
resuspenrfed in DM EM suppleroemed wiih 10% fetal bovine serum. 
The suspended celts were added to wells (ID 000/ well) containing 
poiic* ned monolayer substrates immersed in E>m£M supplemented 
wfth se/uu. Serum-supplemcnied racdkim was exchanged with f«Sh 
medium aftcr)2hand then everyS days. Cell cukures were maintained 
ai 37 C and photographed d?fty wiih » HamwaaUu CCD camera 
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Table 1. Adsorption of Protein on Monolayers 



SAM 


diickness' 


fibrinogen* 
40kD*5.5' 


35IuV<l 


lysozyme 
14 kE>. 1 1.4 


insulin 
5.4 kD. 5.4 


trypsin 
24 kD. 10.5 


la 


18.0A 


Z7' 




19 


15 


<10 


lb 


15.7 A 


45 


J2 


10 






2 


19.5 A 


29 


«10 


<10 


<10 


<J0 


HDT 


20.0 A 


343Z 


1337 


1023 


6S8 


£61 



Buffer 



SAM 



" Thickness of the SAM measured by effipsomeuy (±0-5 A). * All protein solutions were 0,5 mg/mt> in PB$ (Ju raM phosphate, ISO mM 
»dtwn chloride, pH « 7.6). 'The amount of protein that remains adsorbed to the SAM was determined by SPft and b reported u> units 
of pgfrnm 2 . Each value Tor absorbed protein was taken from a single experiment and has a variance of approximately 5% across Independent 
>. "Molecular weight of the protein. * pi of iho protein. 

monolayers of lb rail at approximately t™ weeXs. an) mono- 
layers of la are effective for at least three weeks. 

Discussion 

The most important result from this work is that SAMs 
presenting mannitol groups are highly effective as inert 
surfaces. SP& showed that monolayers of la and lb 
prevented the adsorption of several different proteins, 
including the "sticky" protein fibrinogen, In this respect, 
the monolayers were indistinguishable from monolayers 
presenting tri(ethylene glycol) groups, which are the 
current standard for inert nwdelsurfateS. When evaluated 
for disability to maintain the patterned adhesion of cells, 
we found that SAMs of la were superior to SAMs 
presenting tri (ethylene glycol) groups. In this and other 
work, we found that SAMs presenting tri (ethylene glycol) 
groups fail at approximately 7 days in culture. The 
rrtaiuntol-temunated SAMs, by contrast, maintained the 
pattern of adherent cells over as> many as 25 days. We do 
not know whether the pattern fidelity persists for longer 
periods since these experiments were limited by the 
viability of the cells. We also do not understand the reasons 
for which $AMs terminated in oligo(ethylene glycol) groups 
Fail. It is generally believed that owdation of the glycol 
chains is involved. 13 but this supposition remains to be 
proven. 

The mechanisms by which inert monolayers prevent 
protein adsorption are not yet established. Theoretical 
considerations suggest that the absence of protein ad- 
sorption to poly (ethylene glycol) of high molecular weight 
is due to st eric repulsion in the polymer* which is 
disfavored for two reasons. 1 ' First, adsorption of protein 
to the polymer results in a compression of the glycol chains 
and is en tropically unfavorable since the conformational 
dynamics of the polymer chains are restricted Second, 
this compression also results in desolvatlon of the 
poiymer-as watermolecules are transferred to the bulk- 
with a corresponding enthalpic penalty. These same 
factors, however, are probably not of central importance 
wi th mamtej^rspresentlngshort oligomers of the ethylene 
glycol groups, since these short chains are confined at 
high density and probably cannot accommodate a high 
degree of solvation and conformational dynamics. 

Recent work by Grume and co-workers suggests that 
thecoorormationsof the ethylene glycol chains are crucial 
for inertness.' 5 This work compared the structures of tri- 
(cthylene glycol)-terminated monolayers on gold and on 
silver substrates; the latter were not inert to protein 
adsorption. Fourier transform infrared reflection-ad- 

(13) Wielafttf. &• UncWltr. J, V± HoagJu«4_ C. S: riotota. P.; 
Tornquisi. w. J. Uwgmiir jssfl, Jg. 2 59 4 -200 J. 

(14) (a) Harris, J. M. PofyfEihyi Gtycoi) Chemistry. Plenum: Mew 
York. 1992. <b) Jeon. S. I.; Andratfr. J. 6. J. Cotbtflw&fax ScL 1991 . 
I^I59-i66.^Tflu«fin.H.J,tTpprakErohlu.C.;fettera 1 t,J-;Kleltt, 
J. Mature 1988. jaa?Ji-7M. 

(15) Hardfcr. P, : Crunzc, M.: DaMnt. R.; Whftesldes. G. M.: LaJWnJitS. 
P. E. ./. PttKt Chrm ft ISM to? iTfi-J-Wi 
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Figure 2. Data from surface plasmon resonance spectroscopy 
for the adsorption of fibrinogen (0.5 mgfrnL protein In 10 mM 
phosphate, t50 mMsodhirh chloride. pH = 7.6) to each of the 
four SAMs. The monolayer Is indicated to the right ofeach plot 
The illative change In angle of minimum reflectivity is 
plotted as solutions are flowed over the SAM- PBS buffer was 
first flowed, replaced with a solution of protein In PBS. and 
then finally replaced with PBS. The periods of time during 
which protein and buffers were flowed over the SAM are 
Indicated above the plot. The curves are offset vertically for 
clarity. 



of the Substrates patterned with the inert monolayers (la. lb. 
and Z)t cells spread and proliferated to completely occupy these 
regions but did nor. Invade the surrounding inert regions. The 
period of time that cells remain confined (o the patterned 
monolayers provides a relative measure of the effectiveness of 
inert surface chemistries and a dirett measure for identifying 
Inert surfaces that are most effective for applications requiring 
long-term tell patterning. 

Albino 3T3-Swiss fibroblasts patterned on thernonotayers were 
kept at 37 TJ in serunvcontaintng media for four weeks. The 
media was exchanged every 5 days, and tells were photographed 
dally (Figure 3). In an cases, cells remained patterned to the 
circular regions of hexadecaneiniolate (or at least 6 days in 
culture. The Lri(ethylene glycol)- term irw ted monolayers began 
to fall after 7 days, with cells spreading onto the inert r eg tons* 
After 12 days, cells bad migrated from the circular regions and 
divided to give a confluent monolayer of cells, with a complete 
loss of pattern. Monolayers terminated in the mannitol group 
(la) were substantial Jy nweefTecttve at confining cells for longer 
periods. Even after 21 days, cells remained completely confined 
to the patterns. After 2$ days in culture, the viability of the 
adherent cells decreased and therefore prevented an assessment 
of the monolayer over longer periods of lime. Monolayers that 
presented the mannitol grouponthe shorter polymethylcnechain 
(prepared From alkaneUYni ib) were atso more effective than 
monolayers presenting the lri{ethvlcne glycol) group but -were 
not as effective as monolayers of la. Monolayers of lb generally 
failed at two weeks in culture. We repeated these long-term 



patterning experiments on three separate occasions with con- 
sistent rftsulrs: mnnnlav<*r&Af£ foliar afwrnximatetv one week 
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Day 25 



Figured. AttMh*Twmor3T3fibrobIastcen5loSAM5I^ 

regions or either la, lb. or 2. Optical micrographs act shown Tor cells attached to each of three patterned monolayers ovtr a period 
of 25 day*. The structures oF the alkanethiols that comprise the inrrt region.? of the lanterned monolayers are indicated above each 
column or photographs. The number of days that substrates were in culture is indicated to the left. 



sorption spectroscopy showed that tf»e glycol chains adopt 
helical conformations when supported on gold substrates 
but adopt an extended, all- trans conformation when 
supported on silver substrates (in part because of the 
higher adsorbate density on silver). Further studies that 
used scanning force microscopy to compare the monolayers 
on gold and on silver revealed a striking difFercnce in the 
properties of water at the interface. 16 A scanning probe 

(15) Feldnwn. K.; Halmtt. Q-L Spencer, N. J>, : Harde* . P.* GfunKc, 
M.J. Am. Ok**. $<k. I$W. 10)34-10141 



tip, modified to render it hydrophobic, experienced a 
repulsive interaction with the monolayer Ort gold— even 
at distances greater than 20 nm. For the monolayer on 
silver, however, the lip experienced a long-range attractive 
interaction starting at about 35 niti from the interface 
Theoretical calculations are in agreement with these 
results" andsuggest that the inert monolayers template 
an ordered solvent structure that prevents the approach 

(I?) Pcristo. A. J .iCrvnze. m ; Garbuttwa. I. J. Pity* Chan. & l S9ft, 
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of protein to the surface, and hence, prevents protein 
adsorption. 16 We ore now pursuing similar mechanistic 
Studies to determine whether rnaimitol-terrnuiated mono- 
layers prevent adsorption through a common (mechanism. 

Thernanrutol-temiratedSAMsaresignmcantbecau^ 
they extend the time course over which cells can be 
patterned in culture. This enhancement is important for 
several applications that use cells as functional compo- 
nents. 1 * A primary example is the use of genetically 
engineered cells for screening libraries of drug candi- 
dates,* 9 There is now substantial effort directed at 
transferring cell-based assays fromflS-well titer plates to 
chip format. Triis and othCTapr^ 



(18) BorWwWer. D. A,; Bao. J.; Makif.N-L; Perl, £. R-: Kawes. C. 
T. A. J. MramK* Afct/KXfc 1OT7. 77, 61-W. 

(1 9) Kapw. R-: Chill**, K. A.; C*«paim. M; Adams. 1,; Olso*. 

j D^Mri^kh. M.: VKHfevWu ClTaybr, D. L Bk*r*d. Micro**** 



that can maintain patterned cell populations with excel- 
lent fidelity and over long periods of time. 

The mannitol • termina ted SAMs described here are 
highly effective at preventing protein adsorption and 
extend the times over Which cultured cells can be 
maintained in patterns. We believe these monolayers will 
find immediate utility for fundamental studies in cell 
biology and for patterning of cells onto chips for applica- 
tions in diagnostics and high throughput screening. 
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